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"Improvements in or relating to Rock Drilling Equipment" 



THIS INVENTION relates to rock drilling equipment. In particular, this 
invention relates to rock drills of the reverse circulation type in which 
compressed air is supplied to the bottom of the hole being drilled around the 
exterior of the drill bit, to pass across the face of the drill bit and up through an 
axial passageway through the drill bit 5 through a corresponding passageway in 
the drill string to the surface, carrying with it particles of rock, etc. removed 
from the bottom of the bore by the drill bit, for sampling purposes, etc. In such 
apparatus, the drill bit is carried in a so-called hammer forming the lowermost 
part of the drill string and which, besides holding the drill bit, incorporates a 
pneumatically operated piston by means of which successive blows are struck 
on the upper end of the drill bit shank, to cause the lower, operative end or head 
of the drill bit to break away material from the lower end of the bote. In such 
apparatus, the piston generally is an annular piston and the exhaust air and rock 
debris from the bore hole are conducted axially through the hammer by means 
of a central tube, communicating with further tubes extending through the drill 
string upward to the surface. 

Such a central tube in the drill hammer is subject to erosion by the debris 
carried by the exhaust air stream and accordingly may require to be renewed or 
changed at intervals in the working life of the hammer. In a conventional drill 
hammer of this kind, the central tube is located axially between abutments 
provided by parts of the hammer structure and generally, in order to allow for 
manufacturing tolerances, it is necessary to arrange the relevant dimensions 
such that there is room for some axial play of the tube between abutment with 
the opposing abutment members in the hammer assembly. Furthermore, in 



these conventional reverse circulation hammers, replacement of the central tube 
requires substantial disassembly of the hammer with consequent risk that grit or 
other debris may find its way into the bore in which the piston works and/or 
into the associated air passages, leading to premature wear and/or seizure of the 
piston. . - 

It is among the objects of the present invention to provide a reverse 
circulation hammer construction in which, in normal use, axial displacement of 
the central tube of the hammer assembly is significantly reduced as compared 
with the prior art. 

It is another object of the present invention to provide a reverse 
circulation hammer assembly in which extraction of the central tube for 
replacement can be effected readily with less extensive disassembly of the 
hammer assembly than has been necessary with assemblies of the prior art. 

i 

According to one aspect of the invention there is provided a reverse 
circulation hammer assembly of the kind referred to in which one of the two 
abutments between which the central tube is located is provided by a structure 
within the hammer assembly and the other is provided by a second structure, 
further from the drill bit than.said first structure and provided by a member 
which is longitudinally displaceable within a casing part providing an upper end 
ofthe hammer and which casing part is removably retained in the adjoining part 
of the hammer casing, said longitudinally displaceable part being resiliently 
biased towards the drill end of the hammer and thus clamping the part of the 
central tube providing abutments between the fixed abutment and the 
longitudinally displaceable one. 
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According to a further aspect of the invention there is. provided- a reverse 
circulation drill of the kind specified in which, as regards those locations where 
the outer tube, fits closely with respect to surrounding structures in the hammer 
assembly, such locations are of progressively increasing external diameter with 
distance from the drill bit end of the hammer. 

According to a still further aspect of the invention, there is provided a 
drill bit for a reverse circulation rock drill, the drill bit having a head with an 
operative face and a shank of reduced diameter as compared with the operative 
face, the drill bit having one or more intake holes in the working face leading to 
a passage extending up the drill bit shank, the drill bit head having, at a location 
spaced from the operative face, a . circumferential band or collar providing a 
cylindrical external surface coaxial with the drill bit, the diameter of said 
circumferential band or collar being substantially equal to the effective 
diameter of the working face of the drill bit and not less than the diameter of 
any other part of the drill bit, the drill bit having a circumferential groove 
around its exterior, below said circumferential band or collar and having 
passages for exhaust air discharging into said groove, whereby such air can 
pass around the front of the drill bit and across said face to exit through said 
intake holes. 

Preferably a plurality of grooves or flutes distributed around the drill bit 
periphery extend longitudinally from said circumferential groove to the 
operative face of the drill bit. 

Embodiments of the invention are described below with reference to the 
accompanying drawings in which: 
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Figures 1 A and IB show, in different positions, and in mutually 
perpendicular longitudinal sections, the lower end of a rock drill hammer 
embodying the present invention; 

Figure 1 C is a longitudinal section view of an upper end of the rock drill 
hammer of Figures 1 A and IB; 

Figure 2 is an enlarged View of part of Figure 1C; 

Figure 2A is a longitudinal section view showing the parts illustrated in 
Figures 1C and 2 connected; 

Figure 3 is an enlarged view in axial section of an adapter forming an 
end part of the hammer and which is designed to screw into the upper end of 
the part of the hammer shown in Figure 1C; 

Figure 4 is an enlarged view of part of the hammer shown in Figure 1A; 

and, 

Figures 5 and 6 are perspective views of the lower end of the hammer 
with the drill bit fitted, in the normal operative position (Fig. 5)' and in a raised 
position (Figure 6 - (flushing mode)) . 

Referring to Figures 1 A and IB, a rock drilling hammer assembly 
comprises a tubular outer casing 10, a so-called drive sub 12 screwed into the 
lower end of the casing 10 and a drill bit 14. The drill bit has a head with a 
hard, (e.g. tungsten carbide), inserts, as is conventional, and has a shank 15 of 
reduced diameter with respect to the drill bit head. The shank 15 has a first 
longitudinally splined portion 15a received in a complementary splined portion 
of the drive sub 12, as is also conventional. 

As shown in Figure 1 A, the drill bit shank 1 5 has* aft of the first splined 
portion 15a, a plain cylindrical bearing part 15b of a diameter as small as or 
smaller than the diametrical dimension measured across the grooves between 
the splines of portion 15a. The extreme rearward end of the drill bit shank has, 
over a portion 15c, a series of short longitudinal splines, the maximum diameter 
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of this extreme rearward splined part 15c being greater than that of said plain 
cylindrical part 1 5b. 



The drill bit is retained within the hammer structure by a split ring 16 
which is located between the upper end of the drive sub 12 within the outer - 
housing and the lower end of a piston guide bush or cyclic regulator 1 8 located 
within the outer housing 10 between a circlip 20 engaged in a circumferential 
groove around the interior of the housing 10 and the split ring 16. The portion 
15c of the drill bit shank is a sliding fit in a lower portion of the axial bore 
through the bush 1 8 . The piston guide bush or cyclic regulator 1 8 forms a seal 
and guide around a lower end portion 22 of a piston 24, of annular cross 
section, which acts as a hammer proper, the portion 22 effectively forming a 
tubular piston "rod" the free end of which, in operation, repeatedly strikes the 
upper end of the drill bit shank. In operation, the piston 24 is caused to 

reciprocate longitudinally within the casing 10, in manner known per se, by 
compressed air supplied via passages within the hammer. A porting, 
arrangement formed in the piston and me adjoining parts of an interior wall of 
the hammer housing controls the flow of air above and below the piston 24 to 
effect such reciprocation, again well known manner. 

The drill bit 14 is capable of limited longitudinal movement relative to 
the outer housing 10 and sub 12, to an extent determined by the axial length of 
the reduced cross-section portion 15b of the drill shank which receives the split 
ring 16, again known fashion. The drill bit has an axial bore extending from 
the upper (rear) end of the drill bit shank to a location within the drill bit head. 
A central tube 30 is coaxial with the outer housing and extends inside the 
housing, with a forward, (lower) part of the tube 30 extending within the axial 
bore in the drill bit. At its lower end, the tube 30 is a sliding fit within a lower 
part of the longitudinal axial bore within rthe drill bit. . 



Referring to Figure 1C and Figure 2, the central tube 30 is located 
against forward (i.e. downward) axial movement by abutment of a conically 
tapering shoulder 32 at the lower end of an externally enlarged upper portion of 
the tube 30, with a correspondingly tapering shoulder 32a at the upper end of a 
longitudinal bore within an element 134 which is fixed within a tubular 
coupling member 36 which in turn is screwed into a screw threaded upper end 
of the outer casing 10. The upper end of the tube 30, in the assembled drilling 
apparatus, is received within a socket 40 at the lower end of a tubular member 
42, (see Figure 2 A and Figure 3) which is resiliently mounted within an adapter 
46 which in turn is screwed into coupling member 36 to complete assembly of 
the hammer section of the drilling -apparatus. The adapter 46. has an axial bore 
therethrough, within member 42 is located co-axially. A helical compression 
spring 6 around an upper part, of reduced external diameter, of the member 42 
acts between, on the one hand, an annular shoulder provided around an 
enlarged diameter part within which the socket 40 is provided and, on the other 
hand, a spider member 44 retained in a predetermined axial-position in the bore 
through the adapter 46. At its upper end (to the right in Figure 3) a junction 
base 48, in the form of an annular sleeve* is fitted over the upper end of the . 
member 42 and is sealed with respect thereto by Orings, the part 48 being 
adapted to fit sealingly within a lower end of a central tube (not shown) of 
conventional form, within the adjoining part of the drill string (not shown). 

The member 46 is an adapter in the sense that it provides around its 
lower end a screw thread 50 complementary with a screw thread 52 around the 
upper end of the coupling member 36, whilst its upper end is provided with an 
internal screw thread 52, which may be any one of a variety of forms and 
dimensions of screw thread which may be provided at the lower end of the 
adjoining section of the drill string, there being a variety of different such third 
forms and thread sizes in current use in the drilling art. Thus, a plurality of 
adapters of the form shown in Figure 3 and differing only in the form and/or 
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size of the internal thread 53 at the upper end thereof may be provided, 
allowing the main portion of the hammer assembly to be fitted to or adapted to 
any of a variety of drill strings. When the adapter 46 is screwed into the upper 
end of the portion of the hammer assembly shown in Figure 1C, the upper end 
of the tube 30 is received within the socket 40 and will reach the limit of its 
possible insertion into the socket 40 before the adapter is fully screwed home 
into the upper end of the member 36 so that during the final part of the 
screwing in of the adapter, the socket 40 will be displaced rearwardly, relative 
to the body of the adapter, against the force of the spring 6, so that thereafter 
the tube 30 is resiliently clamped between the shoulder 32 and the socket 40. 
As a result, longitudinal movement of tube 30 within the hammer assembly is 
. restrained by the action of the spring 6 and such axial movement as does take 
place is effectively damped. 

The tube 30 is required to be a close sealing fit within, (a) the upper end 
of the axial bore within the drill bit; (b) within a central region of the piston 24 
and (c) within the element 134. In order to facilitate removal of the tube 30, 
when necessary, the part of tube 30 just below (i.e. closer to the drill bit than) 
the tapering shoulder 32 and fitting within the member 134 is of slightly greater 
diameter than the part of the exterior of the tube 30 which is required to be a 
sealing fit within the middle part of the piston 24 and that part of the tube 30 is, 
in turn, slightly larger than the lower end part which is a substantially sealing fit 
within the lower part of the axial in the drill bit 14. Thus, the tube 30 has 
"sealing and location diameters" of progressive increasing sizes, the smallest 
being at the drill bit end, sealing the tube in the drill bit, and the largest at the 
opposite end where the one-way valve and the locating/sealing journal are 
located. This arrangement allows the tube 30 to be withdrawn through the one- 
way valve arrangement, etc., without difficulty. 
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A one way valve arrangement 1 15 is slidably mounted on the tube 30 
just above the upper end of the element 134. The portion of the tube 30 which 
extends through this one way valve arrangement is, again, somewhat larger in 
diameter than the portions below Preferably the part of the tube 30 between the 
element 134 and the piston is of the same diameter as the part which extends 
sealingly through the piston 24 and the part of the tube 30 below the piston 24 
is of the same external diameter as the lower end of the tube 30. The slope of 
the tapering shoulders 32, 32a is selected to be greater than would result in the 
tube 30 jamming in the element 134. 

Referring to Figures 1 A and IB, it will be understood that the element 
which, in normal use, principally prevents the guide bush or cyclic regulator 18 
from sliding downwards within the outer casing 10, is the split ring 16. Once 
the drive sub 12 is unscrewed from the casing 10, for example to allow 
replacement of the bit 14, all that restrains the guide bush 18 from sliding 
downwardly out of the outer casing, (assuming, of course, the outer casing still 
to be in a vertical position with the end Which is uppermost during drilling still 
uppermost), is an O-ring 100, best shown in the detail view of Figure 4. 
Conventionally, mis retaining function is provided by an O-ring, such as 
illustrated in dotted lines at .102 in Figure 4, accommodated within an internal 
circumferential groove 104 around the casing 10 and which O-ring 102 
frictionally engages the exterior of the guide bush. However, if it becomes 
necessary to extract the guide bush, for example during disassembly of the 
hammer entirely, it becomes then very difficult to extract the bush 1 8 because if 
the bush is drawn downwardly the O-ring 102 tends to become jammed 
between the lower edge of the groove 104 and the exterior of the guide bush. 
In the preferred embodiment of the invention illustrated, an Oaring in the 
position indicated at 1 02 is dispensed with and instead an O-ring 1 00 is 
provided at the location between the junction of me split ring and the lower end 
of the guide member, the split ring at the. lower end of the guide member being 
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externally bevelled as shown so as to present, together, a V-section groove 
around the combination of the split ring and the guide bush within which the O- 
ring 100 is engaged, the O-ring 100 being in turn accommodated within a 
shallow groove 105 around the interior of the outer housing. Thus, once the 
sub 12 has been unscrewed and removed, with the drill bit and the split ring 16, 
from the outer housing, the O-ring 100 can be readily extracted, whereupon the 
guide bush is free to slide downwardly out of the outer casing. 

The bush 18 provides passages through which compressed exhaust air 
from the hammer arrangement can pass, via various further passages as 
described below, to the working face of the drill bit head. Thus, the porting 
arrangement in the piston 24 and the cylinder in which it reciprocates is 
arranged so that exhaust air passes through inclined passages 26 in the piston to 
an annular section passage 27 defined between, on the one hand, the lower end 
of the axial bore through the piston and, on the other hand, the exterior of the 
tube 30. At its lower end this annular passage connects with a further annular 
passage 27A defined between the tube 30 and the axial bore through the drill 
bit shank. This passage 27A in turn connects with inclined passages 28 in the 
drill bit head. A lower end portion of the axial bore in the drill bit is of lesser 
diameter than the remainder of that bore above and receives the lower end of 
the tube 30 as a close effectively sealing sliding fit whereby the annular passage 
27 A around tube 30 does not communicate directly with the bore within the 
tube 30. As illustrated and as noted above, an intermediate part of the axial 
bore through the piston is a close sliding fit on the tube 30 whereby this 
intermediate portion defines the upper end of said annular section passage 27 
around the tube 30. Exhaust air from the hammer piston and cylinder 
arrangement can thus pass through the annular section passage 27 A between 
the tube 30 and the drill shank axial bore, and thence through the inclined 
passages 28 in the drill bit head to pass around the outside of the drill bit to the 
face of the drill bit, then, with entrained debris from the hole being drilled, up 



through holes in the drill bit face and further passages 33 within the drill bit, to 
the central longitudinal bore in the drill bit shank, and thence, via the interior of 
tube 30 up to the ground surface. 

A bit catcher sleeve 34 is carried at the lower end of the outer housing 
10, and extends past the lower end of the drive sub and over an upper portion of 
the drill bit head. The bit catcher sleeve 34 is generally cylindrical and co-axial 
with the drill hammer and bit. The bit catcher sleeve is of a substantially 
constant external diameter, except for a frustoconical or chamfered part at its- 
upper end, said external diameter being somewhat greater than that of the outer 
casing 10 and substantially the same as the greatest diameter of the drill bit 
head. The interior of the bit catcher sleeve 34 is defined by a stepped axial 
through bore through which extend the drive sub and the drill bit. The axial 
bore through the bit catcher sleeve has a first diameter adjacent its upper end. 
Which is great enough for the uppermost, externally screw threaded portion of 
the drive sub to pass through and which is a close fit over an externally 
unthreaded portion 12A of the sub, just below said threaded portion of the drive 
sub. The lower end 12B, (also cylindrical and unthreaded), of the drive sub is 
externally of a diameter greater than part 12A and is received in a portion of the 
axial bore through the bit catcher sleeve which is of a complementary, second, 
diameter. The externally screw-threaded part of the drive sub is screwed into 
the lower end of casing 10. The upper end of the bit catcher sleeve is clamped 
axially between the lower end of the outer casing 10 and an annular shoulder 
around the drive sub extending from portion 12A to portion 12B, the last-noted 
shoulder engaging an opposing annular shoulder extending between the first 
and second diameter portions of the bore through the bit catcher sleeve. 

As shown in Figures 1A and IB, the drill bit head has, at its upper end, a 
circumferential rib 136 defined between the upper end of the drill bit head and 
a circumferential groove 38 around the drill bit head. The diameter of the drill 
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bit head, at the location of this circumferential rib 136, is such that it is a sliding 
fit in a lower part of the bit catcher sleeve, which extends over said rib 136. At 
its extreme lower end the bit catcher sleeve has an inwardly directed lip or 
flange 140 which thus extends below the rib 136, into said circumferential 
groove 38. 

Figure IB shows the position of the drill when the drill string is raised so 
that the drill bit is no longer in engagement with the end of the bore being 
drilled, but is suspended from the hammer. This is the position adopted in the 
so called "flushing mode", and also, of course, when the drill string is being 
lifted out of the borehole. Normally the weight of the drill bit in this position is 
carried by the split ring 16 and the inwardly turned lip or flange 140 at the 
lower end of the bit catcher 34 is just clear of the rib. However, in the event of 
the drill bit fracturing, which typically results in separation of the larger 
diameter bit head from the smaller diameter drill bit shank in the region where 
these two parts meet, the drill bit head will remain supported by the bit catcher 
sleeve by engagement of the inwardly directed lip 140 on the sleeve with the rib 
136 around the drill bit, so that the drill bit head can be extracted from the bore 
being drilled. A similar arrangement is described in our co-pending UK Patent 
Application No. 0204904.7 ( GB 2385869 ). In order to allow the lip 140 at the 
lower end of the bit catcher sleeve to be extended over the circumferential rib 
136 on the drill bit head during assembly of the hammer and drill arrangement, 
the lip and circumferential rib are provided with complementary screw threads 
(not shown) so that the lip can.be screwed onto and over the circumferential rib. 
Because, in use, the lip and annular rib are never in direct engagement, the 
screw threaded parts are not particularly vulnerable to damage. 

It will be noted that in both the drilling mode - i.e. the position shown in 
Figure 1A and in the flushing mode shown in Figure IB, a small amount of 
high pressure exhaust air from the piston mechanism, and which carries, in 
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manner known per se, a lubricant (e.g. in mist form), is able to pass between 
the co-operating end faces of the piston rod 22 and of the upper end of the drill 
bit shank, and thence to pass, through the bore of the retaining ring 16, and 
through the spaces between the drill bit splines and the co-operating splines of 
the sub 12, so as to reduce fretting on the drive spline contact faces. The high, 
pressure air also causes pressurisation across the bleed area between the chuck, 
(sub), and the drill bit shank and reduces ingress of water and silt. 

As noted above, in the arrangement illustrated, the tube 30 is a close 
sliding fit in the lowermost part of the axial bore through the drill bit- and drill 
bit shank, this lowermost part being of smaller diameter than the part of said 
bore above, and an annular passage 27A for exhaust compressed air from the 
pneumatic hammer mechanism is thus defined between the exterior of tube 30 
and the larger diameter part of the axial bore through the drill bit shank. This 
annular passage connects with inclined bores 28 through the drill bit head 
which open into a circumferential groove 142 around the drill bit head adjacent 
the lower end of the drill bit. Longitudinal slots or flutes 144 on the periphery 
of the part of the bit below said groove allow compressed air from this groove 
to pass to the working face of the drill bit to entrain debris from the rock 
drilling into, an air current which passes through further passages 33 in the drill 
bit to the lower end of the axial bore in the drill bit and thence' upwardly 
through the tube 30. 

The drill bit head has a peripheral cylindrical band or collar portion 148 
just below the groove 38 and above groove 142 and which is of a diameter 
which is as great as the largest diameter of the drill bit head elsewhere. Thus, in 
use, the band or collar 148 is close to the wall of me bore being drilled and 
forms a seal or near-seal, with respect to the wall of the bore being drilled, 
against the passage of exhaust air. The bit catcher sleeve 34 is preferably 
provided with a hardness comparable with that of the body material of the bit 
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head, so as to wear at the same rate as the bit head, particularly the band 148. 
The bit catcher 34 is preferably keyed to the drive sub 12, to stop it spinning in 
the borehole if it becomes tight in the bore hole. 

The hole sealing collar portion 148 behind the drill bit cutting face has 
several functions. Firstly, as noted above, it seals the drilled borehole, so that 
the exhaust air is forced up the drill bit.and through the tube 30. Thus, the 
sealing collar 148 minimises leakage of the cuttings to the surface via the 
outside annular passage between the borehole and the exterior of the hammer 
and drill string. The sealing collar will wear oh the outside, in service, to 
maintain a diameter corresponding to or less size less than the drill bit cutting . 
face diameter. 

Exhausting air via the side venting passages 28 in the drill bit which exit 
below the hole sealing collar 148 and above the drill bit cutting face creates a 
curtain of air due to the profiled face of the annular groove 142 below the 
collar. This curtain of air is deflected down towards the cutting periphery of the 
drill bit, and through the grooves or flutes 144 on the periphery of the drill bit, 
and forces the drilled cuttings across the drill bit face towards the main 
excavation holes 33 in the drill bit face. 

When the hammer is put into the 'flushing mode' (cf. Figure. IB and 
Figure 6), since the drill collar 148 is integral with the drill bit head the distance 
from the drill bit cutting face and the collar does not change. This benefits the 
flushing mechanism as there is no drop in the air pressure when the apparatus is 
placed in the 'flushing mode*, as a fixed volume is maintained for the 
exhausting air to vent into. Hence the air velocity is kept from dropping and a 
high, excavation rate of the cuttings can be maintained. An added benefit is that 
in loose formations the cavity created by the air blast at the base of the borehole 
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will be restricted to the short distance between the cutting face and the lower 
edge of the sealing collar. 

In the present specification "comprises" means "includes or consists of 1 
and "comprising" means "including or consisting of'. 

The features disclosed in the foregoing description, or the following 
claims, or the accompanying drawings, expressed in their specific forms or in 
terms of a means for performing the disclosed function, or a method or process 
for attaining the disclosed result, as appropriate, may, separately, or in any 
combination of such features, be utilised for realising the invention in diverse 
forms thereof. 
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